Carefully-managed livestock grazing has been offered as a tool to improve the forage quality of graminoids on big game winter range. Formal testing of this theory has thus far been done using hand clippers rather than livestock grazing. We report winter standing reproductive culm, crude protein, in vitro dry matter digestibility, and standing crop responses of bluebunch wheatgrass (Agropyron spicatum 
Two native perennial bunchgrasses, bluebunch wheatgrass (Agropyron spicatum [Pursh] Scribn. & Smith) and Idaho fescue (Festuca idahoensis Elmer) dominate the grasslands of big game winter ranges in northeastern Oregon. Anderson and Scherzinger (1975) suggested spring livestock grazing of bluebunch wheatgrass and Idaho fescue may enhance the forage quality and palatability of these bunchgrasses for wintering elk. On a state wildlife management area in northeastern Oregon, where livestock grazing had initially been prohibited, Anderson and Scherzinger (1975) reported wintering elk numbers had increased from 320 to 1,191 head during a 10-year period when a rest-rotation cattle grazing management system was used to condition forages. Other researchers have also witnessed increased winter elk use following cattle grazing treatments on bluebunch wheatgrass and Idaho fescue (Jourdonnais 1985 , Jourdonnais and Bedunah 1990 , Frisina and Morin 1991 . Anderson and Scherzinger (1975) hypothesized grazing bluebunch wheatgrass and Idaho fescue in the late spring would delay the phenological development of grazed plants and cause them to cure at a younger, more nutritious phenological stage providing higher quality forage than ungrazed plants. Late-spring grazing should also reduce reproductive culm densities of bunchgrasses (Anderson and Scherzinger 1975) , and enhance their palatability (Murray 1984 , Ganskopp et al. 1992 . Clipping treatments have been used to test this hypothesis for bluebunch wheatgrass (Pitt 1986 , Bryant 1993 , Westenskow-Wall et al. 1994 , Clark et al. 1998 but there are no data on the winter forage quality responses of bluebunch wheatgrass and Idaho fescue to late-spring livestock grazing. Elk sedge (Carex geyeri Boott), another prevalent forage in the region, often contributes substantially to the winter diet of elk (Skovlin and Vavra 1979, Sheehy 1987) . The effects of spring defoliation on the forage quality of elk sedge have not been studied.
Our objective was to test the forage conditioning hypothesis of Anderson and Scherzinger (1975) by measuring the reproductive culm response of bluebunch wheatgrass and Idaho fescue and the winter forage quality and quantity responses of bluebunch wheatgrass, Idaho fescue, and elk sedge grazed by domestic sheep in the late spring.
Materials and Methods

Study Area
The 2,073 ha study area was located within the McCarty Spring Big Game Winter Range Management Area on the USDA-Forest Service McCarty Spring Sheep Allotment in the Blue Mountains of northeastern Oregon approximately 45 km southwest of La Grande. The area is typical of foothill rangelands occurring at the interface of the bunchgrass steppe vegetation of the Columbia Basin Geological Province and the forest vegetation of the Blue Mountain Geological Province (Franklin and Dryness 1973) .
Several shallow, nearly-parallel drainages oriented in a northerly or northeasterly direction dissect the area forming a series of broad, gently sloping ridges. . Vegetation in the ecotone between the ridgetop grasslands and forested drainages is a pine-bunchgrass savanna containing a ponderosa pine overstory and an understory of Idaho fescue, elk sedge, and bluebunch wheatgrass (see Hall 1973: CP-G1-12) . Soils on the ridgetops and droughty exposures are shallow, extremely stony to very cobbly, loams and silt-loams of the Anatone-Bocker complex (Dysterhuis and High 1985, Bryant 1993) . Soils on the mesic exposures are probably Klicker stony silt loam.
Mean annual temperature (1989) (1990) (1991) (1992) (1993) (1994) (1995) at Starkey Experimental Forest and Range, less than 4 km from the study area, was 6.6°C (Unpubl. data, on file at USDA Forest Service, Forestry and Range Sciences Laboratory, La Grande, Oregon). Mean annual maximum (August) and minimum (December) temperatures (1989) (1990) (1991) (1992) (1993) (1994) (1995) at Starkey Experimental Forest and Range were 25.4 and -7.2°C, respectively. Maximum, minimum, and mean annual precipitation (1986 to 1995) at Starkey Experimental Forest and Range were 72.0, 36.2, and 54.8 cm, respectively. Approximately 60% of the annual precipitation occurred between 1 December and 31 May as winter snow and spring rain. The amount and timing of late summer and fall rain is unpredictable, but it can promote additional growth in perennial grasses. Annual precipitation totals for 1993 and 1994 at Starkey Experimental Forest and Range were 56.6 cm and 54.4 cm, respectively (Fig. 1) .
Light to moderate levels of sheep grazing has occurred on the study area from early June until early October since 1950. Prior to 1950 the area had received moderate to heavy cattle grazing. Typically, 300 to 400 elk winter on or near the study area (Unpub. data, on file at Oregon Department of Fish and Wildlife, Northeast Region, La Grande, Ore.).
Experimental Design
A split plot experimental design was used. Three blocks containing 2 main plots each were established along selected ridges and associated drainages within the study area. These 3 blocks represented 3 different locations within the study area; Tybow Canyon, McCarty Spring, and Cabbage Spring. Each main plot was 250 m by 800 m and oriented with its long axis parallel to the drainage. Elevation and aspect of main plot pairs were similar. Three plant communities, occupying roughly equal areas, occured in each main plot: 1) Bunchgrass grassland dominated by bluebunch wheatgrass, Idaho fescue, and Sandberg bluegrass (ridgetops and large openings on droughty exposures). 2) Pine-bunchgrass savanna consisting of a ponderosa pine overstory and an Idaho fescue/elk sedge/bluebunch wheatgrass understory (mid-slope grassland-forest ecotone). 3) Mixed-conifer forest with a ponderosa pine/Douglas-fir/grand fir overstory, a ninebark/common snowberry/oceanspray shrub layer, and an elk sedge/pinegrass herbaceous layer (drainage bottoms and lower slopes). Plant communities were treated as subplots within each main plot. The savanna and forest comminities were further divided into areas with tree canopy (i.e., areas under trees greater than 25 cm d.b.h.) and areas without tree canopy (i.e., open areas or areas under trees of 25 cm d.b.h. or less).
Treatment Applications
Main plots within each block were randomly assigned to 1 of 2 treatments: (1) sheep grazing during the boot stage of bluebunch wheatgrass, or (2) exclusion of sheep grazing. Sheep grazing, at a stocking rate of 52 ewe-lamb pairs ha -1 , was applied for either a maximum of 3 days m a i n p l o t -1 or until approximately 50% utilization was reached on at least 1 of the 3 targeted forages. Electric fences kept sheep in the plots during treatment application and excluded them after treatment.
Big game had open access to the plots. To simulate a rest-rotation grazing system, treatments within each block was reversed during the second year (1994) .
In the first year of grazing, sheep accidently entered our exclusion main plot in Block 2 (McCarty Spring). The resulting forage use precluded its service as a control, consequently, Block 2 was dropped from the study.
Logistical problems prevented us from using sheep familiar with the study area in 1993. The ewe-lamb band used in 1993 was too agitated to graze effectively in the plots, and prevented us from reaching 50% utilization on any of the targeted forages within the 3-day limit. The ewe-lamb band used in 1994 was familiar with the study area, actively foraged in the plots, and our 50% utilization level was easily accomplished.
During late spring 1993, slight utilization of bluebunch wheatgrass (0.9 to 1.6%), Idaho fescue (0.1 to 0.9%), and elk sedge (1.8 to 3.1%) by elk occurred in the grazing exclusion main plots of Block 1 and Block 3. We assumed this slight utilization would not confound the statistical analyses of treatment effects.
Sampling Protocol
Forage utilization and the number of standing reproductive culms per plant were assessed after treatment. Five, 150-m pace transects were randomly located in each plant community of each plot. Six sampling points were located at 25 m intervals along each transect. A 0.5-m 2 circular frame was positioned at each point, and forage utilization was estimated using an ocular estimate method (Pechanec and Pickford 1937) . Within the same frame, the number of standing reproductive culms per species were counted and the total for each species was divided by the respective number of plants found in the frame. In the grassland community, 30 frames were sampled for utilization and number of reproductive culms in bluebunch wheatgrass and Idaho fescue. In the savanna, utilization of bluebunch wheatgrass, Idaho fescue, and elk sedge, and number of reproductive culms in bluebunch wheatgrass and Idaho fescue were estimated in 60 frames, with 30 frames under tree canopy and 30 frames in openings. In the forest community, 30 frames under tree canopy and 30 frames in openings were read for utilization of elk sedge. Transect means were treated as subsamples. Plot means for each species/community/canopy combination were treated as samples.
In early November, the number of reproductive culms per plant for bluebunch wheatgrass and Idaho fescue in the grassland and savanna types were resampled along 5 new transects per type. Forage samples were collected at 2 randomly selected points along transects in all 3 types. All the bluebunch wheatgrass, Idaho fescue or elk sedge within the 0.5-m 2 frame were clipped to a 2.5 cm stubble height and sorted by species. Forage samples were also collected in early March of both years along new transects.
Forages were oven dried at 50°C, ground to pass a 1-mm screen, and stored in airtight bags. Samples were analyzed for percentage crude protein (CP) (AOAC 1980), percentage in vitro dry matter digestibility (IVDMD) (Tilley and Terry 1963) , and kg h a -1 of dry matter standing crop.
Statistical Analysis
Tests for treatment, period, canopy, sequence, and year effects on number of reproductive culms per plant, CP, IVDMD, and standing crop were conducted with General Linear Model (GLM) procedures (SAS 1988) . Because treatments were reversed in 1994, a cross-over analysis was used to examine sequence effect. The sequence variable describes the order of treatment application. Sequence 1 represents plots ungrazed in 1993 and grazed in 1994 and Sequence 2 represents plots grazed in 1993 and ungrazed in 1994. Treatment, canopy, period, and sequence were analyzed as fixed effects, and year was analyzed as a random effect. Interactions between fixed effects and between fixed effects and year were analyzed and tested. Separate reduced models were developed for each species/plant community combination by systematically dropping non-significant, fixed-random effect interactions from the full models. Where significant effects were detected, Fisher's Least Significant Difference (LSD) procedure was used for mean separations (SAS 1988). All differences reported are significant at P<0.05 unless stated otherwise.
Results
Bluebunch Wheatgrass-Grassland Community
Utilization of bluebunch wheatgrass in the grassland community was affected by treatment, sequence, and year (Table 1) . Grazed plots received 38.9% utilization while ungrazed plots received 0.8% utilization. Utilization under Sequence 1 (i.e., ungrazed in 1993 and grazed in 1994) ( -x=28.8%) was greater than under Sequence 2 (i.e., grazed in 1993 and ungrazed in 1994) ( -x=10.9), and utilization was higher in 1994 ( -x=28.0%) than in 1993 ( -x=11.7%). Number of standing reproductive culms per bluebunch wheatgrass plant was not 
Bluebunch Wheatgrasss-Savanna Community
Significant treatment, sequence, year, and treatment by canopy effects were detected for utilization of bluebunch wheatgrass in the savanna community (Table 2 and 3) . Canopy and year affected the number of reproductive culms per plant (Table 2 ). More reproductive culms were present in the openings ( -x=1.3) than under the tree canopy ( -x=0.5), and more culms occured in 1993 ( -x=1.4) than in 1994( -x=0.5). Treatment, period, and year effects were detected for CP of bluebunch wheatgrass (Table 2) . Grazing increased CP ( -x=4.2%) relative to grazing exclusion ( -x = 3 . 3 % ) . Crude protein increased between the November ( -x=3.5%) and March sampling periods ( -x=4.0%), and CP was higher in 1994 ( -x=4.0%) than in 1993 ( -x = 3 . 4 % ) . Treatment and the interaction of period by canopy affected IVDMD of bluebunch wheatgrass (Tables 2 and 4) .
Canopy and year affected the standing crop of bluebunch wheatgrass ( 
Idaho Fescue-Grassland Community
Utilization of Idaho fescue by sheep in the grassland community was influenced by treatment, sequence, and year effects (Table 5 ). Idaho fescue in grazed plots received 31.5% utilization while 0.1% utilization occurred in ungrazed plots. Utilization was heavier under Sequence 1 ( -x=26.3%) than under Sequence 2 ( -x=5.2%), and utilization was greater in 1994 ( -x=26.2%) than in 1993 ( -x=5.3%). Number of reproductive culms per Idaho fescue plant was not affected by grazing, however, a year effect was detected (Table 5) . Number of reproductive culms per plant was higher in 1993 ( -x=4.0) than in 1994 ( -x=1.0) Significant treatment, sequence, and year effects were detected for CP of Idaho fescue (Table 5 ). Idaho fescue in grazed plots was higher in CP ( -x=6.2%) than in ungrazed plots ( -x=4.9%). Crude protein was greater under Sequence 1 ( -x = 5 . 9 % ) than under Sequence 2 ( -x=5.2%), and CP was higher in 1994 ( -x=6.5%) than in 1993 ( -x=4.6%). In vitro dry matter digestibility of Idaho fescue was not affected by grazing but a period effect was detected (Table 5 ). In vitro dry matter digestibility declined between November ( -x=47.1%) and March ( -x=42.5%). The standing crop of Idaho fescue in the grassland community was not affected by any of the variables measured (Table 5 ).
Idaho Fescue-Savanna Community
Treatment, sequence, and year also affected utilization of Idaho fescue in the savanna community ( 
Elk Sedge-Savanna Community
Utilization of elk sedge in the savanna community was affected by treatment, canopy, sequence, year, and the interaction of treatment by canopy (Tables 7 and  8 ). Crude protein of elk sedge was influenced by canopy and sequence effect (Table 7) . Crude protein was higher under the tree canopy ( -x=5.3%) than in openings ( -x=4.8%). Crude protein was greater under Sequence 2 ( -x=5.2%) than under Sequence 1 ( -x=4.9%). Significant treatment, sequence, and year effects were detected for IVDMD of elk sedge (Table 7) . Grazing produced an IVDMD response in elk sedge opposite of that in bluebunch wheatgrass. In vitro dry matter digestibility of elk sedge in ungrazed plots was higher ( -x=53.7%) than in grazed plots ( -x=51.4%). Elk sedge under Sequence 2 ( -x=53.6%) was more digestibility than under Sequence 1 (x=51.5%), and IVDMD of elk sedge was greater in 1993 (x=53.7%) than in 1994 ( -x=51.4%). The standing crop of elk sedge in the savanna community was not affected by any of the variables measured (Table 7) .
Elk Sedge-Forest Community
Utilization of elk sedge in the forest community was affected by treatment, sequence, and year (Table 9 ). Elk sedge in grazed plots received 12.7% utilization while 1.3% utilization occurred ungrazed plots. Utilization was greater under Sequence 1 ( -x=13.3%) than under Sequence 2 ( -x=0.8%), and utilization was higher in 1994 ( -x=11.9%) than in 1993 ( -x=2.2%). Treatment and sequence effects were detected for CP of elk sedge (Table 9) . Grazing increased CP ( -x=6.3%) relative to grazing exclusion ( -x=5.8%). Crude protein was greater under Sequence 2 ( -x=6.7%) than under Sequence 1 ( -x=5.5%). Period, sequence, and year affected IVDMD of elk sedge (Table 9 ). In vitro dry matter digestibility declined between the November ( -x=55.0%) and March ( -x=52.3%) sampling periods. In vitro dry matter digestibility was greater under Sequence 2 ( -x=55.6%) than under Sequence 1 ( -x=51.7%), and IVDMD was higher in 1993 ( -x=54.6%) than in 1994 ( -x=52.7%). A sequence by canopy interaction was detected for the standing crop of elk sedge in the forest community (Table 9 and 10).
Discussion Forage Utilization
Sequence and year effects detected for utilization on all 3 forage species likely arose from differences in experience and foraging behavior between the 2 ewe-lamb bands. The band used in 1993, had no prior experience on the study area, remained agitated and alert, and tended to trail rather than forage through the grassland and savanna communities. They rarely ventured into the forest community. The sheep used in 1994 were well-experienced with the area and actively foraged in all 3 plant communities. These inherent differences between bands may have been compounded by higher reproductive culm production in 1993. An increase in reproductive culm density tends to reduce utilization of grasses by sheep (Murray 1984) . The high density of reproductive culms present in 1993 likely reduced sheep utilization of bluebunch wheatgrass and Idaho fescue during that year. Both bands of sheep tended to forage in the openings and rest and ruminant under trees in the savanna community. This probably contributed to the canopy effects observed in utilization of elk sedge and treatment by canopy interactions that affected utilization of bluebunch wheatgrass (Tables 2 and 3 ) and elk sedge (Tables 7 and 8 ). It is unclear why the utilization of Idaho fescue was not affected by canopy or treatment by canopy interactions.
Reproductive Culms
Although late-spring grazing generally appeared to reduce numbers of reproductive culms in bluebunch wheatgrass and Idaho fescue, significant treatment effects were only observed for Idaho fescue in the savanna community (Table 6 ). Period effects on numbers of reproductive culms in bluebunch wheatgrass in grassland community (Table 1) and Idaho fescue in savanna community (Table 6) were likely a product of natural attrition caused by wind, early-season snowfall, and grazing by wild ungulates between June and November. Reproductive culm production is commonly used as an index of vigor for bluebunch wheatgrass. The occurrence of more reproductive culms in bluebunch wheatgrass in openings than under the tree canopy suggests bluebunch wheatgrass may endure more competition in open environments than under trees (Table 2) .
Year was the most notable factor affecting numbers of reproductive culms in bluebunch wheatgrass (Tables 1 and 2) and Idaho fescue (Tables 5 and 6 ). Growing season precipitation was higher in 1993 than in 1994 (Fig. 1) , this probably contributed to greater reproductive culm production in these species during 1993.
Forage Quality and Quantity
The levels of improvement in CP of bluebunch wheatgrass and Idaho fescue and IVDMD of bluebunch wheatgrass obtained with late-spring grazing could have substantial impact on the nutritional status of wintering elk (see Clark et al. 1998) . The heavier utilization that occurred under Sequence 1 probably removed a larger proportion of apical meristems and foliage from bluebunch wheatgrass and Idaho fescue than did the (Stoddart 1946) . Removal of apical meristems and foliage by heavier grazing stimulates regrowth from axillary buds Richards 1986, Richards et al. 1998) , effectively delaying plant development and potentially allowing plants to cure at a younger phenological stage. Given a lack of information on the physiology of elk sedge, its forage quality responses are difficult to interpret. Additional research is needed to improve our understanding of elk sedge and its responses to grazing.
Bluebunch wheatgrass in the grassland community was the only case where utilization was heavy enough to cause significant declines in the standing crop (Table  1) . Winter ranges in northeastern Oregon are forage quality-rather than quantitylimited. Even in March, when the standing crop of bluebunch wheatgrass in the grassland community of grazed plots was the lowest (=87.6 kg ha -1 DM), bluebunch wheatgrass forage from only 17 ha of grassland would supply the daily dry matter needs of 300 adult cow elk, the typical winter population on the study area (i.e., assuming 5 kg DM each or 2.5% of 200 kg body weight) (see Hobbs et al. 1982 and Clark et al. 1998) . Consequently, it is unlikely the reduced standing crop observed in this study would limit forage availability for wintering elk.
Increases in CP of bluebunch wheatgrass (Table 2 ) and Idaho fescue (Table 6) between the November and March sampling periods were probably due to proportionately lower standing litter content and higher live tissue content in March samples. Forage quality of standing litter is typically lower than that of live tissue. Given the significant period effects detected for numbers of reproduction culms in bluebunch wheatgrass and Idaho fescue, it is likely total standing litter in these species continued to decline (particularly older, degraded litter of low forage quality) between November and March. This probably reduced the standing litter content and increased the forage quality of March samples. Additionally, under favorable winter and early spring conditions, bluebunch wheatgrass may resume growth of tillers initiated during the previous fall (Blaisdell and Pechanec 1949) . This would increase the amount of live tissue in March relative to November samples. Both bluebunch wheatgrass (McIlvanie 1942 , Evans and Tisdale 1972 , Wilson et al. 1966 and Idaho fescue (Borman 1990 ) may initiate spring growth in early March. Given the assumptions above, one might expect both CP and IVDMD of bluebunch wheatgrass and Idaho fescue to increase between November and March.
Consequently, it is unclear why IVDMD of bluebunch wheatgrass under the tree canopy increased between November and March but declined in the openings (Table  2 and 4). A possibility is that the openings of the savanna tended to remain snowcovered while areas under the canopy remained snow-free. Winter and early spring growth may have occurred under the canopy but not in the openings, and this resulted in more live tissue in samples from under the canopy. It is also unclear why IVDMD of Idaho fescue (Tables 5  and 6 ) actually decreased between November and March. Declines in IVDMD of elk sedge in the forest community between November and March were probably due to death and weathering of leaf tips and consumption of the higher quality portions of leaves by wintering elk (Table 9) .
Canopy effects on CP of elk sedge may be related to differences in plant vigor (Table 7) . Elk sedge in the openings appeared to be stressed, with short, light green leaves and dead tips, compared to elk sedge under the canopy which had long, dark green leaves. Elk sedge in the openings likely endured more intense solar radiation and competition from bunchgrasses than elk sedge under the canopy. Conversely, bluebunch wheatgrass in the openings of the savanna community exhibited more standing crop than under the canopy. This suggests again, that bluebunch wheatgrass is more competitive and vigorous in the openings than under the tree canopy (Table 2) .
It is difficult to interpret the canopy by sequence interaction affecting the standing crop of elk sedge in the forest community (Tables 9 and 10 ). Additional research is (Tables 1 and 2 ) and on CP of Idaho fescue (Tables 5 and  6) were probably due to a higher reproductive culm presence in 1993 and the occurrence of fall regrowth in 1994. Bryant (1993) reported CP and IVDMD of the reproductive culms and inflorescences of cured bluebunch wheatgrass forage were lower than leaf material. A similar relationship is likely for Idaho fescue. Higher fall precipitation in 1994 (Fig. 1 ) may have stimulated fall regrowth elevating the live tissue content in 1994 samples.
Year effects on IVDMD of elk sedge (Tables 7 and 9) were probably related to differences in spring precipitation between years (Fig. 1) . Increased precipitation in 1993 may have enhanced elk sedge production. Samples collected in 1993 would then contain proportionately more current year growth which is probably more digestible than older material. If more production occurred in 1993, it apparently was not great enough to produce a year effect on the standing crop of elk sedge. Differences in growth season precipitation probably caused the year effects detected for the standing crop of bluebunch wheatgrass (Table 2 ) and Idaho fescue (Table 6) in the savanna community.
Conclusions
Experience of livestock can strongly influence their effectiveness as forage conditioning agents. Moderate levels of latespring sheep grazing can decrease numbers of reproductive culms in Idaho fescue. Numbers of reproductive culms present in bluebunch wheatgrass and Idaho fescue plants decline from June to November. Above-normal precipitation can increase reproductive culm production in bluebunch wheatgrass and Idaho fescue. Late-spring grazing can enhance winter CP levels in bluebunch wheatgrass, Idaho fescue, and elk sedge and IVDMD of bluebunch wheatgrass. Forage quality of bluebunch wheatgrass and Idaho fescue is more responsive to moderate than light levels of late-spring grazing. Crude protein in bluebunch wheatgrass and Idaho fescue can increase between November and March while IVDMD of Idaho fescue and elk sedge may decrease. Winter levels of CP in elk sedge can improve under light spring grazing but grazing may cause declines in IVDMD of elk sedge. The winter standing crops of bluebunch wheatgrass, Idaho fescue, and elk sedge are not affected by light to moderate utilization during late spring.
Carefully-managed, late-spring grazing can be an effective means for improving the winter forage quality of bluebunch wheatgrass and Idaho fescue on big game winter range. Further research is needed to evaluate grazing as a tool for improving the winter forage quality of elk sedge. Although, the percentage point changes in CP and IVDMD obtained in this study appear small, these changes are actually quite substantial when compared to the low basal forage quality levels common to grassland winter range. These forage quality improvements can also be obtained at relatively low cost, applied to different portions of the winter range in subsequent years, and have a positive influence on the nutritional status of wintering elk. Latespring grazing could also improve the quality of livestock winter pasture and reduce supplementation costs for livestock producers. With some careful thought, a forage conditioning program could be integrated into existing rotation grazing systems. 
